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Abstract
Background: Reconstruction of giant midline abdominal wall hernias is difﬁcult, and no data are
available to decide which technique should be used. It was the aim of this study to compare the
‘‘components separation technique’’ (CST) versus prosthetic repair with e-PTFE patch (PR).
Method: Patients with giant midline abdominal wall hernias were randomized for CST or PR.
Patients underwent operation following standard procedures. Postoperative morbidity was scored
on a standard form, and patients were followed for 36 months after operation for recurrent hernia.
Results: Between November 1999 and June 2001, 39 patients were randomized for the study, 19
for CST and 18 for PR. Two patients were excluded perioperatively because of gross contami-
nation of the operative ﬁeld. No differences were found between the groups at baseline with
respect to demographic details, co-morbidity, and size of the defect. There was no in-hospital
mortality. Wound complications were found in 10 of 19 patients after CST and 13 of 18 patients
after PR. Seroma was found more frequently after PR. In 7 of 18 patients after PR, the prosthesis
had to be removed as a consequence of early or late infection. Reherniation occurred in 10
patients after CST and in 4 patients after PR.
Conclusions: Repair of abdominal wall hernias with the component separation technique com-
pares favorably with prosthetic repair. Although the reherniation rate after CST is relatively
high, the consequences of wound healing disturbances in the presence of e-PTFE patch are
far-reaching, often resulting in loss of the prosthesis.
R
econstruction ofgiantmidlineabdominalwallhernias
that cannot be closed primarily is a technical chal-
lenge to a surgeon. Many surgeons discourage abdominal
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high morbidity, and the relatively high recurrence rate
associated with these procedures. However, many pa-
tients with large hernias have invalidating complaints such
as bulging of the abdominal wall, chronic wounds, immo-
bility, and back pain, necessitating surgical treatment.
The lack of sufﬁcient tissue requires the insertion of
prosthetic material or transposition of autologous material
to bridge the fascial gap. Reconstruction using pre-peri-
toneally placed prosthetic material is still the most fre-
quently applied method of reconstruction.
1 The increased
risk of infection in case of wound complications is a
relative contraindication against the use of prosthetic
materials. Moreover, interposition of either peritoneum or
greater omentum between the bowel and the prosthesis
is often impossible, which is another reason to avoid the
use of prosthetic material.
In 1990 Ramirez, Ruas, and Dellon introduced the
‘‘components separation technique (CST)’’ to bridge the
fascial gap without the use of prosthetic material.
2 The
technique is based on enlargement of the abdominal wall
surface by separation and advancement of the muscular
layers. In this way, defects of up to 20 cm at the waistline
can be bridged. Retrospective series report promising
results, but no prospective study has been published until
now.
3–12 It was the aim of this prospective study to
compare the results of prosthetic repair with CST in pa-
tients with giant abdominal wall hernias that cannot be
closed primarily. The primary endpoint of the study was
reherniation; secondary endpoints were operation time
and postoperative wound complications. In the present
report the results of an interim analysis are presented.
PATIENTS AND METHODS
Adult patients (18–80 years) with an incisional hernia
after midline laparotomy with a craniocaudal length of at
least 20 cm that could not be closed primarily, in whom
the repair could be performed under clean or clean-con-
taminated conditions, and who were not using cortico-
steroid therapy were asked to participate in the study.
Patients with perioperative gross contamination of the
operative ﬁeld were excluded from the study. After written
informed consent the patients were randomized between
CST and prosthetic repair by the data center of the
Radboud University Nijmegen Medical Centre using
envelope, the day before operation.
Fully trained abdominal wall surgeons who had done at
least ﬁve procedures of both techniques before the start
of the study performed the operations. H.v.G. and R.P.B.
performed supervision in centers not having this exper-
tise. Before each procedure, a preoperative chest x-ray
was made. Demographic data, co-morbidity (COPD,
cardiovascular disease, or diabetes), body mass index,
condition of the skin, size of the hernia at the time of the
operative procedure, kind of anesthesia, operation time,
perioperative blood loss, postoperative ICU stay, anal-
gesia use, complications, hospital stay, and follow-up
were recorded on a standard form. The study protocol
was reviewed and approved by the institutional ethics
commissions of all the participating hospitals. All patients
gave written informed consent after receiving a thorough
explanation of the study.
Operative Technique
Standard thrombosis (Nadroparine 2,850 IE) and anti-
biotic prophylaxis (cefazoline 3 · 1 g and metronidazole 3
· 500 mg) were started preoperatively. After induction of
anesthesia (combined general and epidural, if possible)
and disinfection of the skin with iodine tincture, an
adhesive drape was applied on the skin, if possible. The
abdomen was entered via a midline laparotomy or at the
lateral edge of the graft if the bowels were covered with a
split skin graft. Adhesions between the ventral abdominal
wall and the intra-abdominal viscera were cut, after which
the length and width of the defect were measured.
Components Separation Technique
(CST Group)
The component separation technique was performed
as described in detail in former publications.
2,12,13 Brieﬂy,
the skin and subcutaneous fat are dissected free from the
anterior rectus sheath and the aponeurosis of the exter-
nal oblique muscle (Figure 1A). The aponeurosis of the
external oblique muscle is transected longitudinally about
2 cm lateral from the rectus sheath, including the mus-
cular part that inserts on the thoracic wall, which extends
at least 5–7 cm cranially of the costal margin (Figure 1B).
The external oblique muscle is separated from the
internal oblique muscle as far laterally as possible
(Figure 1B). The posterior rectal sheath is separated from
the rectus abdominis muscle if tension-free closure is
impossible (Figure 1C). The fascia is closed in the mid-
line with a running polydioxanone suture (PDS-loop,
Johnson & Johnson, Ltd.) of at least 4 times the length of
the incision. The skin is closed over at least two closed
suction drains.
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The skin and subcutaneous tissue are mobilized from
the underlying fascia of the rectus abdominis muscle. As
a consequence all epigastric perforating arteries supply-
ing the overlying skin are separated. After adhesiolysis , a
20 · 30 cm, 1.5-mm-thick e-PTFE patch (Gore-Tex dual
mesh plus with holes, W. L. Gore and associates Inc.,
Flagstaff, AZ, USA) is shaped in size and implanted intra-
abdominally as underlay with an overlap of at least 4 cm
to the aponeurosis, as described elsewhere.
14 The mesh
is placed intra-abdominally as an underlay and is sutured
under slight tension to the ventral abdominal wall using a
double row of interrupted sutures of e-PTFE 1/0 (Gore-
Tex 1/0, W. L. Gore and associates Inc., Flagstaff, AZ,
USA) that passed the rectus abdominis muscle. The
prosthesis is implanted with the microporous side facing
the intra-abdominal viscera and the macroporous side
facing the fascia. (As a consequence of the large size of
the hernias, the fascia could not be closed over the
prosthesis in any of the patients in our series.) After
implantation, the skin is closed over at least two closed
suction drains.
Postoperative Care
Antibiotic prophylaxis, cefazoline 3 · 1 g and metroni-
dazole 3 · 500 mg was started preoperatively and con-
tinued for the ﬁrst 24 h postoperatively. All patients have
epidural anesthesia if possible. Wounds were inspected
on a daily basis with respect to hematoma, seroma, skin
necrosis, and wound infection. Hematoma was deﬁned as
an accumulation of blood in the operative ﬁeld for which a
surgical intervention (puncture or drainage) was needed;
seroma as an accumulation of ﬂuid in the operative ﬁeld
for which an intervention (puncture or drainage) was
needed in case of mechanical or physical limitations. Skin
edge necrosis was deﬁned as necrotic loss of full thick-
ness skin for which surgical intervention was needed.
The wound was scored on a daily basis according to
CDC criteria, as follows
15: grade 1: normal wound, grade
2: erythema and swelling, grade 3: purulent efﬂuent; or
grade 4: open wound. Drains were removed after 5 days
or if production was less than 50 ml/24 h.
The thorax was examined daily by physical examina-
tion, and a routine x-ray of the thorax was performed on
the second and seventh days after the operation, to de-
tect pneumonia and atelectasis. No speciﬁc instructions
were given to the patients after operation and patients
had no restriction of physical activity except heavy lifting.
Follow-up was done in the outpatient clinic at 3, 6, 12, 24,
and 36 months after operation. At each visit a physical
examination was done to diagnose recurrent hernia.
Ultrasonography or computed tomography (CT) scanning
was performed on indication, especially to detect small
recurrences.
Statistical Analysis
Patients were analyzed as per intention to treat. Hernia
recurrence-free survival was compared using the Kaplan-
Meiermethodsaccordingtotheintention-to-treatprinciple.
Power Analysis
Type I and II errors were set to 0.05 and 0.1, respec-
tively. The minimum relevant difference in reherniation
between groups was set to 30%, in advantage of CST.
Figure 1. Operative technique of the ‘‘components separation
technique.’’ 1 = rectus abdominis muscle; 2 = external oblique
muscle; 3 = internal oblique muscle; 4 = transversus abdominis
muscle; 5 = posterior rectal sheath. A. Dissection of skin and
subcutaneous fat. B. Transaction of aponeurosis of external
oblique muscle and separation of internal oblique muscle. C.
Mobilization of posterior rectal sheath and closure in the midline.
Adapted from Bleichrodt et al.
13, with permission of Elsevier.
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groups of 42 patients). An interim analysis was planned
to evaluate the results of the trial after inclusion of 40
patients.
Differences between groups were analyzed using the
Fisher exact test for demographic data, preoperative and
perioperative data, wound complications, reoperation,
and reherniation (Table 1).
RESULTS
Between November 1999 and June 2001, 39 patients
were included in the study and were operated on by one
of 5 surgeons. Two patients were excluded from the study
because of gross contamination during operation. Nine-
teen patients, 6 women and 13 men, were randomized to
the CST group: reconstruction using the components
separation technique. The mean age of these 19 patients
was 53.9 years (range: 33–73 years). Eighteen patients,
6 women and 12 men, were randomized to the e-PTFE
group (prosthetic repair). Their mean age was 58.7 years
(range: 42–82 years).
In the CST group, closure of the fascia was accom-
plished in 18 of the 19 patients (Figure 2). In one patient
the abdominal wall hernia was too large and had to be
repaired using a combination of the CST and prosthetic
repair. In the e-PTFE group the procedure was suc-
cessful in 17 of the 18 patients. In one patient the
abdominal wall hernia was too large and was recon-
structed using a combination of prosthetic repair and
CST. No differences were found between the groups with
respect to demographic data (Table 1), co-morbidity,
length and width of the defect, skin coverage, anesthesia,
blood loss, and ICU stay (Table 1). All operations were
performed without major intraoperative complications,
except for the two excluded patients with gross periop-
erative contamination. The operation time for prosthetic
repair was signiﬁcantly longer as compared with the
components separation technique (p < 0.001, Fisher
exact test) (Table 1). This is mainly due to the time-
consuming ﬁxation of the patch to the fascia with a double
row of single sutures.
Postoperative Mortality and Morbidity
There was no 30-day mortality. Major wound compli-
cations were found in 10 of the 19 patients in the CST
group: wound infection (n = 3), skin necrosis (n = 2),
hematoma (n = 1). Four patients developed seroma;
these were not associated with the aforementioned
complications.
Major wound complications were found in 13 of the 18
patients in the e-PTFE group: wound infection (n = 2),
skin necrosis (n = 3), hematoma (n = 1). Both wound
infection and skin necrosis ultimately resulted in loss of
the prosthesis (Table 1). Seven patients developed a
seroma. In two of these patients seroma puncture was
performed to prevent spontaneous evacuation via the
midline wound; this resulted in infection and, ultimately,
loss of the patch. Seven patches were removed after a
median period of 94 days (range: 30–262 days). In the
cases where the prosthesis was removed, the abdominal
wall defect was reconstructed using CST.
Pulmonary complications were found in 4 patients in
the CST group and 2 in the e-PTFE group (not signiﬁcant,
Fisher exact test) (Table 1).
Reherniation
Follow-up was complete in all patients. Four patients in
the CST group died before the end of the follow-up period
5, 9, 10, and 12 months after the operation from unrelated
causes. Two had a reherniation at the time of death. Of
the remaining 15 patients, 8 had a reherniation. Recur-
rences occurred after a mean period of 7 months (range:
0.5–12 months). Recurrences were all located in the
midline in the upper abdomen and were small. Two pa-
tients underwent reconstruction of their recurrence. One
patient in whom the reconstruction was performed with a
Figure 2. A. Preoperative view of a giant
abdominal wall hernia covered with a split skin.
B. Postoperative view of the same abdominal
wall after reconstruction using the components
separation technique.
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recurrent hernia at the edge of the prosthesis (Figure 3).
Prosthetic Repair
One patient in the e-PTFE group died 6 months after the
operation from an unrelated cause. Of the remaining 17
patients, 7 had an infected prosthesis that had to be
removed. The abdominal wall defect was then recon-
structed using CST repair. Four other patients had a small
recurrentherniaafterprostheticrepair,withoutcomplaints.
Recurrences occurred after a mean period of 22 months
(range: 6–36 months). None of these four patients under-
went reoperation for their recurrence (Figure 3).
DISCUSSION
The present study is the ﬁrst randomized controlled trial
comparing different techniques to repair giant midline
Table 1.
Study characteristic of patients with prosthetic repair or components separation technique
Group 1: prosthetic repair Group 2: components
separation technique
Signiﬁcance
(t-test)
Age (mean) 58.7 (range: 42–82) 53.9 (range: 33–37) NS
(Fisher exact test)
Gender (women/men) 6/12 6/13 NS
(t-test)
BMI 28.7 (range: 21.5–39.6) 28.2 (range: 23.9–38.7) NS
Defect (median) (cm) (t-test)
Length 25 (range: 20–30) 25 (range: 20–33) NS
Width 17 (range: 9–30) 15 (range: 7–25) NS
Skin (n) (t-test)
Intact, full thickness 14 12 NS
Intact, split skin 4 7 NS
Anesthesia (n) (Fisher exact test)
General 3 5 NS
Epidural and general 15 14 NS
(t-test)
Operative time (min) 183 (range 135–254) 113 (range 63–175) p < 0.001
(t-test)
Blood loss (ml) 420 (range 100–900) 289 (range 50–1000) NS
ICU stay (Mann-Whitney U-test)
Patients (n)6 3 N S
Time (days) 2 (range: 1–6) 5 (range: 1–10) NS
(t-test)
Pulmonary complications (n)2 4 N S
Pneumonia 2 1 NS
Atelectasis 0 3 NS
Analgesia (t-test)
Epidural (days) 2.4 (range: 0–5) 2.4 (range: 0–6) NS
Morphine (days) 3.3 (range: 0–8) 3.6 (range: 0–10) NS
(Fisher exact test)
Wound complication (n)1 1 N S
Hematoma 7 4 NS
Seroma 3 2 NS
Skin necrosis 2 3 NS
Infected mesh (n)7 0
(t-test)
Reoperation (in OR) for wound complications (n)7 2 p = 0.05
Recurrence (n)1 1 1 0 N S
BMI: body mass index; ICU: intensive care unit; NS: not statistically significant; OR: Operation room.
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‘‘component separation technique.’’ Although our series
is relatively small, the results suggest that repair of giant
abdominal wall defects with the component separation
technique compares favourably with prosthetic repair,
because wound infection in patients in whom a prosthetic
repair was performed had major consequences, resulting
in removal of the prosthesis in 7, whereas wound infec-
tion in patients after CST had only minor consequences.
Disturbed wound healing frequently complicates repair
of large abdominal wall hernias. Wound complications
such as hematoma, seroma, skin necrosis, and infection
are reported in 12%–67% of patients after CST
2–5,7–12,16
and in 12%–27% after prosthetic repair. Wound compli-
cations are associated with the extensive dissection
needed in both procedures, which are often performed
after intra-abdominal catastrophes. The risk is further
increased by the long duration of the operative procedure
and the need to mobilize the skin in dividing the epigastric
perforating arteries (Figure 4). This endangers the blood
supply of the skin, because then it solely depends on the
intercostal arteries, which may have been damaged
during former operations by introduction of drains, or by
stoma construction and other procedures needed in pa-
tients with intra-abdominal sepsis.
17–19 Wound compli-
cations in our series were rather frequent. Although they
are mentioned in most other publications about CST, the
method of follow-up is mentioned in only one other study
from our own group.
12
Loss of the prosthesis may also be associated with the
choice of the prosthetic material used. Several materials
have been developed for hernia repair. In the present
series only patients with giant and often complex hernias
were included. In the majority of these patients the peri-
toneum or greater omentum was not available to inter-
pose between the prosthesis and the intra-abdominal
viscera. Therefore, an e-PTFE dual patch was used to
bridge the fascial gap. The expanded-PTFE dual patch
has signiﬁcantly better mechanical properties than poly-
propylene-mesh. It is a soft pliable microporous material
that causes no mechanical trauma to the viscera. The
micropores on both sides of the patch are too small to
allow ingrowth of ﬁbrocollagenous tissue, thus preventing
ﬁbrous adhesions on the visceral side of the patch. Lack
of ingrowth results in insufﬁcient anchorage of the patch
to the adjacent fascia, however, and this is a major dis-
advantage of e-PTFE patches.
14,20,21 The patch should
be placed as underlay with an overlap of at least 4 cm and
ﬁxed to the aponeurosis with a double row of single su-
tures.
14
The e-PTFE patch is prone to infection because of its
hydrophobic characteristics. To reduce the infection risk,
the e-PTFE patch used is impregnated with silver salts
and chlorhexidine, which both have anti-microbial prop-
erties and work synergistically.
22 Moreover, antibiotic
prophylaxis was given to all patients and an adhesive
drape was applied to the skin. Nevertheless, 40% of our
patients had an early or late infection resulting in removal
of the patch. In a recent experimental study in rats with a
large abdominal wall defect, it was found that impregna-
tion with silver salts resulted in an aggravated inﬂam-
matory response around the patch and an increased
reherniation rate.
23 This observation may explain the in-
creased risk for seroma formation, which is associated
with prosthetic loss in this study. Some patients (n =3 ,
16%) were operated under clean-contaminated condition,
Figure 4. The operation wound after performing a components
separation technique for abdominal wall reconstruction, showing
the large wound surface and the extensive skin dissection
needed.
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to recurrence of abdominal wall hernia
Figure 3. Kaplan-Meier for recurrent hernia after prosthetic
repair (n = 18) and components separation technique (n = 19).
Seven of 18 prostheses were removed during the ﬁrst 7 months
after implantation. Reherniation rates after 36 months are
similar in both groups.
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adhesiolysis without gross contamination. We suspect
that most surgeons still place a prosthetic patch for
abdominal wall reconstruction in these situations, which is
supported by some small series in the literature.
24,25
In our opinion polypropylene, which is still the most
widely used material for hernia repair, is contraindicated
because of its propensity for inducing extensive visceral
adhesions and occasional ﬁstula formation.
26–28 If large
areas of polypropylene mesh are exposed, scar con-
traction will result in wrinkling of the polypropylene mesh,
causing mechanical irritation, which promotes infection
and carries the risk of mesh erosion into the skin or the
intestine.
29 If the polypropylene mesh cannot be covered
with full-thickness skin, chronic infection and sinus for-
mation will ultimately result in loss of the mesh.
27
Therefore the results probably would not have been
better if polypropylene mesh or polypropylene mesh
based prosthesis was used.
Recurrent hernia still is a major problem The only ran-
domized controlled trial comparing open suture and mesh
repair of small ventral hernias was reported by Luijendijk
et al., reporting recurrence rates of 46% and 23%,
respectively, after a follow-up of 36 months and 63% and
32%, respectively, after a follow-up of 75 months.
1,30 In
retrospective studies recurrence rates of 25%–63% in
suture repair and 8%–25% in mesh repair are reported.
Tension-free repair of incisional hernia is a prerequisite to
prevent recurrence. In CST a tension-free repair was
accomplished. In the literature recurrence rates of 0%–
28% have been reported for CST, although how follow-up
was accomplished is not well documented in most ser-
ies.
2–12 But it seems impossible to have a reherniation
rate, in series of large abdominal wall defects, that is far
below the reherniation rate of reconstruction of small
abdominal wall defects in a well performed randomized
controlled trial.
1,30
Despite the high recurrence rate in the present study
and our retrospective study, CST remains an attractive
technique for repair of giant ventral hernias. Most recur-
rent hernias are small and asymptomatic and need no
further treatment. In addition, the functional and cosmetic
results are good and patients were satisﬁed.
In a recent other study in 39 patients undergoing CST
repair for heavily contaminated abdominal wall defects,
similar results were found with respect to complications
and reherniation rate (36%).
31 All but one patient indi-
cated satisfaction with the result when compared to their
situation before operation. In that study, postoperative
quality of life was assessed using the SF 36 question-
naire. When compared to the general population, patients
had an average score or higher on pain, vitality, social
functioning, and role limitations (emotional problems); the
score was below average on physical functioning, role
limitations (physical problems), in general health per-
ception, and in mental health.
31
On the basis of the interim analysis, the trial was dis-
continued because the frequency of wound complications
resulting in subsequent prosthetic loss was unacceptably
high. Because underlay repair necessitates transection of
the perforating epigastric arteries in patient with pros-
thetic repair it was expected that this complication could
not be prevented, whereas CST remains possible if the
epigastric perforators are spared. Impregnation of the e-
PTFE patch with silver salts and chlorhexidine might have
contributed to this.
23 Recently, a prospective randomized
controlled trial has started comparing CST with CST +
preperitoneal polypropylene mesh support, combining the
advantages of CST and prosthetic repair.
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